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(57)Abstract: 

PURPOSE: To enable the integration degree in the next 
generation to be attained without depending upon the 
improvement in the photo-etching technology by a 
method wherein memory cells are three-dimensionally 
formed on the sidewall of a semiconductor post formed 
on a semiconductor substrate. 
CONSTITUTION: A first conductivity type semiconductor 
post 32 is formed on a first conductivity type 
semiconductor substrate 31. An element separating 
insulating film 25 separating the semiconductor post 32 
into plural stages is formed on the semiconductor post 
32. Selective gates 33-1, 33-2 are formed respectively 
on the topmost stage and the lowermost stage of the 
element separating film 25 while memory cells 37-1-39-9 




are formed on respective stages between said two stages. The selective gates 33-1 , 33-2 are 
respectively provided with polysilicon electrodes 35 on the sidewall of the semiconductor post 
32 through the intermediary of another insulating film 34. Accordingly, respective memory 
cells of NAND type EEPROM are formed on the semiconductor post 32 extending in the 
perpendicular direction to the semiconductor substrate 31 so that the memory cells can be 
integrated with markedly high degree compared with those flatly formed on the conventional 
substrate. 
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[is*3ga ] is*? 7 ttgtfto^iwtt^Kfei' 
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WW******? m^SiWAXfiiWDirsc: 

[0001] 

[*Slt<E>«H»» J WCNANDBEEP 
[0 00 2] 

[&*0ttrli) SfifeONANDaEEPROMO^Hi 

atMt'rawiT*. H2 1 ( a > - < c > \t. mv> 

NANDfflEEPR0M©-b;H»«:^0T^4. 

to. mm (a ) & m^&mo^m, hb < b > 

li. RH ( a ) © I - I ' gfCflHKSB. OB ( c ) 
It n (a) ©n-n' WKCjfl^KiBa'C**, 
[0003] 021 <a> Mc> Kfcl'T, 

EsMtra'*. *xjH2il£tt. «&^»«mwRi 

fW 1 4 jWM&ntV*. h >**KfUU 4±fC 

MBl 5_hMt. otisi 6iwbjm«vci**. mis 
^ etc, *^(Btatc*5i* , cs , »«)»-o*y 

Si 54>Hcca. y-A- KW>fc&Sl 8«3 
[0004 ] -OKHrAt*. -#.^A*Cffl^'g^ 

7 tit. H*Uu«KJ:->rJM3ftT:i**. 
[0 00 5J*Ry-h (^20) ©H«cab***« 
<W*I«8«) ©^2 It*. 1? h$<DZm 

I*. -*MB(C**5BRy- h (-b^2 0) ©ttttfll 8 

cc. V? 9tC»«W-*-b^2 0i!(t Kl/^>* 

[0 00 6] 

[»B*ijS»l/<fc^ i«BBHl J^CNA ND^EEP 

*©«±l*Jh*-SiC*«:a^r, *tt«(Cto«MBI 

[0007] ±iesSE(cfi»r«r $n/c<>o 

■C. *0HflW. Wfit«lttK«!>«»KfcJ:&Ctte. 



[0 00 8] 

our ab -p t . iffittttg® $ k£-Lf a i srf gtc -en 

mi* * v^Mt* rae*«*a««itt<c h >*>i 
m&wtoxmzn. v*~?<s>f>?-vt{jx 

[0011] Hi3*w*ftcMttr*-»r, iffittfes 
wce«s*i*v-^- jFifommt* ma*** 

k u ^ > ttfiua (cttift s h 1^ >a»B ^ * 

[0012] ffiB*m&t*, li^WttfcttefrJfl 

^>!UWfc*fflK*«T*tr? ns*w^&, ma* 
*ft&ti, ma*«*^±jci7WttKa*««sn, 

iw^hqwub*, -etien?Wrtw)*»i*iific* 

[0013] KTSffiHRy- K&a-coWSBR^Iiiaa 

> h u - ^ y- h i otdMW^H^eWt. *n 

[0014] ^M<^(ttttttBC9«3l«tt^ * 

?. w-coxs&i/c, *»»Sft±^a-©tt»iH* 50 
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4>* < i 1 HfcLL, <iM«)«»ie. SPfc <1) 

**C±ccj:Dfl&ft*9BI**wr&o 9H 
OXfliOT. iffiA9H±CC9£®l^*)E«U 

%B<D3Mt bx, m&*ottM±&&*®im» 
wsrasii/c, mesAoiuMcDS 

O. *«*tt©SJ*!E)HI , C*-> , C, ^WKrttf*^ 
^^(WWR***. SIC, MA^XBibT, S? 
SSZ, SB. IP^yf*A<!«^4WaBK:x^^ 

[0015] BiraMaist*, Ba»zoiw«<M?ii 

Tm®iW<r»»«K:xy^>W'4X«<:WL. MB 
&-<DX&\t. *<t<itlBBU:. i«sa (1). (n)© 

a«.' piaMACQ^jgo^r&i^sg^as^BrjKx 9 
x&\ wi&m~. m> *AacwA<o(«Wttt. Rre 

[0016] ffiK»EC!)XeillSSP!A0XS©IBK:, 
KT©XS*S^'^^ Sf, Wttu^^J: 

i9BElKWxy^>^o. aaas&BtiW^o 9 
■J^ttx 9 > j: 0 , SArt^pie^Z, 90. 9A 



[0 0 1 7 ] * fc, WW^IBii5E»t«)XB<t) 

a. 

[o t) i a ) irazs^3K^<)«ii*D»mit. us 
t. iiffistfi©xwi erF©xs*Sj*/a-*. * 

©*W?31* SfMTlUft±»*S<&»te©*S 
i*# W*tt«X 9S< 'J > c - f * > yy- h 

£BK, SZ©tM«4K«**. * 

Jt«Kjtt«ic(i|i^i«<[)«Ry- mrmmu * 

[0019] HrSW-H3S>X!S©WK. ii)IE^9f*Sfi+ 
[0 02 0] 

£gj[g0|6Lb <*ttffl«giD©HzJl«©**> *I3&C 

[002 1] afc att-b^iiaftaflw^^fc^r 

[0 022] 

[ 0 0 2 3 ] B 1 Ml 3 41 *»BO-*ft«l«:fl*>& 
NAND«EEPROM©*^1tS*WM>'e*&. 

sit*. att-fejusacD^fflia. a 2ti hi© 

in-ill 'flLK&9K3H, H3tl HI ©iv- iv' 
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[0024] aMWffl©43W*»B3 1 ±(Ctt. ®- 
3BH©^fttm^tt3ttT4r>*. 
3 241 *A»*4W^3l±CCttflW(C««5n 
*. Sfc. **I*H3 2©B«« 1 BWW9K*tt 

[0025] *Wtti3 2KI1 C©**#fc3 2£g 
^2(c*W^Sr^JBi|ftKli2 5^W$nrc^ e C 

fl©#&ftte3 2K£aLxW*£Ba3ft , cc»*. 

[0026] *«H13 Zomv&vX* XT^MHft 
2 5 OfiRKIfc -tft-en I «©* J WfWStl'C 

-o©*«f*te3 2frUl *h«hi<wu* 

1 1 fl) ©fc*jW^#*Sft* 0 
[0027] £*£«»B*S2 5©Sf2©^ *. 
i*Tatc«ffiSn4Hr^tt, 51ft y- 1-33-1, 3 
3-2-C6&, SRy-h33-l. 33 -201 en 

■en*«»tt3 2<DWtzm»$ 4 i/tsasn 

^'JS/'J=J>Sg35$:Wbrt^o C©#'Jt»J:a 
>ME3 5tl KabWME«*ia]«:A&* 
£f*fc3 2©£TBXt^±B©52ifty- h CCftiiO-C 

[0028]#WJa >S63 5 ©W^©*W©i3f 

toBBifKit. 3>*i?h»3e3W»rtsm:i^. ^ 

to. m (a Ml 5B«y-h<>D# l J5' l Ja>Slfi3 5 

[0029] *$#te3 2©il^tcfc^r, «Ry- h 

3 3- 1, 33 - 2riW3tt*£Tl^tf^8©ra 

Ci^r'*^^* i ;Hr^37- l-3 7-9r*^o * 
JWPI'CII ^*U-b^3 7- 1 -3 7-911 

[0030] ^*y-b^37- 1-37-911 S^* 
*$f*ft3 2©llMcc»SlB < h >^^KftH) 3 8 * 

C ©^ 'J V »J n 3 9 ©JBttli. iNW* 3 2 ^BSl 

-^i>yy- hiorcWtWcT^ox 1 **, 

[0 03 1 ] S*©y*»J-b^3 7- 1-3 7-9©* 
y^»ja>SB3 9±lCtt. »»«4 0ft^r(/ , C* , JV 

S4 1 ti K«aof3> h o -^y- h i OTfe^ 
r^torA-s. *yvj3>««4 ni sna&c; 

#^*t$3 2©sia:©^* , ^ J 'KcftiH/rteD. 

[ 0 0 3 2 ] # U V y a ^@ffi4 1 ©5U*««)W(B1 
*©B»rKHl 3>*?h»4 23^»*d*lt:c»* 0 <t 
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fc. B4 (b>&, -^'J^J3>S6(7-F 
£> 4 l©#£flMHJb^OT 
[0033] &*©#ys>"J=J>SB35, 3 9©BK 
It *z»«3©v-A« KU^>ttfeB4 3JWB«S 
ft-a*. STWWBRy- h 3 3 - 2©fc»B4 3 

«*g4 4ccjg834ra,>*<> *M*tt3 2S*±S(c 
II «Zj»«©KU^>*aKB4 5*HBJSSStl'Cl* 
*• C© F H >te»S4 5 It, UROSfe*'- h 3 

[0034] *Wtt3 2tt, 6 ccj: 

&• tfi$l34 6Kli, **l*tt3 2©«Lb»«c*^Ku 
<^fc»B4 5tt3t«3>* * F#-jU 7*s»«3 
ii-cc^o t;*h«4 8t*. 1UM4 6±aBA3n, 

3 > J? 9 Y * - *4 7 £ft L/T F A >ttRJ14 5 
»3nri'4. *fc, tf*h«48tt. 9-FfirCfc* 

*'j^'ja>sgi4 KcitSi/rBiiisn, ff* 

fl©¥*fttt3 2© F H >te»ii4 5 tclHb-Cfctt 

[0 035] fiKfr'- h©#yv>j3>«S3 5KM 
*!JfcH>©#!Ji/ya:/M4 It*. #&ft£f£3l± 

(cttW4 9*ftorf«13fttv^ *cc. BiK 
CXB3kOTJc$k:, Cft6#yvij3>wfi3 5, 4 

i>z>. seot. enM4$K, fi*©#y^ya>ss 

35. 4 10C£T£3>£^*-H-5(]£sfttf£C± 
SRttHS 1*S*<!)!J<U^ I J3>«B3 5, 

4 ltcSWW- ZCtifiVSZo tth. 52lfc 
FteWrc**. 

[0036] ±SE««(CJ:hli, NANDSEE PRO 
M©&*?©^*^n*. *a»#|ESKtt:»(/rait*ifii 
(crticisfe*«f*ttcc«*3*ir^&, f^t, ft*©* 

[0 03 7] -L82NANDSEE EPROM©ftfP 
- h ©tf y V 'J 3 >«S 3 'J -fe l ) *s l ) 

n>sg4 (ov) taarr*. 

EnWT^o CtlKiO, 'J>^WJV»J^>@g3 
9(E)S^M < V >**MU8> 3 8 */rL-C*B 
*tt32-^*tf (F-N h>4'r-/^K») , **y-b 

[ 0 0 3 8 ] * " 1 w ©ftAMKcti, t> h«4 
8Kttl0V*Efttirr*» StfcLfc (r-*£# 
*iitO y*9HsM>#'JS'y:3>B«4 HO*2 0V 

^©#«j^y3>«4 lKiiiov^amrr^ * 
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fc. «TJ»(V-ABI> ©£fty- b33-2©#y V 
ya>«S3 5lcl*aftttttt (0V) mtwo. g±tt 
( KM>M> ©fifty- H33- 1©#>J Wp>C 

S3 5tciii2V^EnioT^o 

[0039] CftiCjMj. StRU^*yfcJl>©**4 

^t#'jvj3>ss coha-^y- n 4 i©n 

©SEIfc fjl 3V£fc*, ft-?*C. *W*tt 
3 2 *>6*Rl/fcj* * 'it*0# y ^ 'J 3 ( 7 D 
h) 3 9^&A£ft£i<, ->f*'J^© 
io sav t m*. »©«it«fcft*. 

[0040] "0" ©9i&*»tett, h^4 
8K&*i!l^fi <0V> «r91W&. «fc, fiftb^c (r 
^^y-b^©*y^'J3>sffi4 Hil 
I*2 0V4B*1U #5B«© <r-**t*i£*SU>) 
j«*'J-b^©#'Jt/y3>«ft4 1 OVfcBttW 
*. *fc, £T*<v-aM)©l«y-h3 3-2© 
*'J^ya>*fi3 5«Ctt«HStt<0V) tBIfclb, 
£±tt ( F U-f >«> ©*Ry- h 3 3 - 1 ©tf 'jS/y 
3>«S3 5Kttl2V*Bttor& 
20 [0 04 1 ] cntCctO. miUfcjt**)i:kQ? v4 

^t#ys/y3>ss o>Fo-^y- h> 4 i©Ra 

CE)SEI*, fj2 0Vtte-5 # S£^r. *Wttt 
32^631ffi^fc^ j ey'b^©*y^ , J3>gfii (70 

-^*>y/-h> 39^ttAStl. ^*y-bJ^©Htt 

[0042] ^-^©BfcUt/WhCI*. f 5. hs»4 8tC2 
0 V. v-A|£fiEB4 4«Ctt»aStt (0 V) . SftO 

(F-^tfitefirr) ^*y-b^©#y^y3>stt 
(7 - f«i) 4 i (£1*0 v*EPiarr*. #n«© 
30 (^-^fta^usttio ji-ty-bip©*ys/!)3>* 

g < <7- Ftt> 4 I , attfKSTt* < V- AM) 

±ffi <FH>«> flWBRy-h©#'J^ya>tti3 

[0043] CtttCjrO. SRUfcj'* 1 ^^©^-* 

ftto. aRsn-ci^c^^y-b^-ctt, #y^ya> 

40 U (9- F«) 4 l©*tltt5V-CA*te». ^-ty 

[0044] wc, ^p©^s*ieB^g©Sii^ft 

tC7C^fiWT6o H5^H20lt. *ftfl©-*»« 
*C*t>* NANDSEEPR OM©*^*3S©aa*tt 

[0 04 5] tr> H 5 80^6 (COT J: ^(C. *-a» 
«©^WSfi5 l ©f iBWigRcc. 7 v - ^ FtttUlt 
7 1£*«T£. ttte, B6lt H5©A©tt»*B© 
50 *fl*WfcB'Cft&. ¥«»Ste5 l©*flSi«tC % 
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NANDfflEEPR0M©^*y-fe*©v-AlUW15 

[0046] *tc, »H«fflCt>***S«5 1 
BB0&5 0 nm^B-OWtB (Will^y3>*fk 
B) 5 2 B-««*B5 2±K, BB#«J 

6 0 0 n mOBZOtWB (BAttf 'J 3 >Bft:B) 5 

3 com, wnmmti?*i>?m 
#fim*B7 1±) ic*<r>mi<&tt»B5 3*tt»« 

[0047] BZ0BBB5 3 ±JC, :*© ( i ) 
Stf fttf (lliXDlfifclHeii: (♦WfciW'CMt 
80) S9ifit,*f?y*C£K*^Tfl&ft*BBB4 

[ 0 0 4 8 ] ( i ) BBMB5 0 n mO>%Eomm 
(Pttttvya^BfcB) 5 4 
(li) BJ5W9I4 0 0 n m®£D<Z>BltB <0UI*^ 

Oil) ^0O^B5 5^^f*Sffi^J*lfil^P 
(*^»St»»«7 1±> K*$l*tr»»«(cx^^>.y 

[0049] ±fi C i ) <1i) £tf (1n W) 
IBteOfiTHfctt. NANDfflEEPROM©^* 
.y^jUDWctBS-ra, *&, ^6iC^-rJ:^tC. BZ. 
Rtf BB«MM«5 2 , 5 4 li, ^f*gS<^J#ffl4> 
fttucfel><CBft ! K& fr* J; ^ fcx ? * > ? £*t£ 0 

[0 05 0] Sfc, C«J>9BB±k. RB#A5 0nu 

oBsowftK <**i*f 'j ^ >BfbH) s 6 mm 

*. BE4X&BB5 6 ±(C . BWW 6 0 0 n m^M/; 

[0 05 1] »AOtHUK57±(C 1 BBtt»5 
0 n DG>B-b©tt*B < W*liV y a >&ftli> 5 8* 
*&B£?*o Bt©»»B5 8±tc 1 BBMKtfOOnm 

4>ba4>«»h <*a«2^ v 3 >wta> 5 9 mm 

[ 0 0 5 2 ] C ©J: } teWBBfc*^ fl*. BE# 
fi 6 0 0 n m©BZRtfB A<MMHB 53, 56 ©B» 
JCBRy- BB#tt4 0 0 n m©BB«!> 

*♦ fitto, KM5 3, 5 6<DBBdU«MUI5 5«!> 
BBd20Hffi& d l>d2±fc*J:5KUffiT*. 

[0 053] WC, 17K«tJ: ±ifc<D*BB 
tc. *<^H*6*SftttB5 lJrcB**A-6 04B 
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[0054] 3cK, H8fcS**J:5tt:. MA.I*ftQ«Lfc 
y>KWC. B- $E> BBfttfB-tKMBBB 

(S/'JavBfcB) 5 2, 54, 5 6, 5 8*flff!ftfC 
x??>?V Stttt«BoS»(i:«BB6 l mm 

[0 05 5] Xtc, H9K**J:5fc. «AI«6{kf > 
BQ» BASCXBAOffitkB 
10 (^'Jn>KltB) 53. 55, 57. 5 9 6BKMC 
5 0 ii msflSx ftgBB 1 ©<IH 1 fctittf 

&. C«!>»iO»6 lOtiH lit x**>yBBMra 
S»B**C£fcJ:0> piUtittl 5 0nm <BBB5 
2.5 4, 5 6Xt*5 8©BB (5 0nm> 
» (5 0nm) x2) 

[0 05 6] BlOtt*?*^, MB 
5 0 n mCDBA^ttBM < S/ »J a >Bf kB> 6 2 * 
C©Bft««»B8 2ti. A6 0<r)ftffi (ft 

20 ±K . B-BSi»)[)WB(€dtfBB3Wfi 1 5 0 n m«D 
Bt(M»B<WA«AsSG 1 PSGteiT) 
mt>. C<0Bt©«»B8 3lfc A6 0OrtEi^^ 
Ott«B6 2±KlSjk*lr. ^al^6 1 £££(CS*>& 

[0 05 7] XK, m \ \ Kn&*Wty ^*14x^^ 
> y«c J: 0, B ASDfB+«WMtB 6 2, 6 3 £ ittift 
tcB^JMTx^^vyr*. *OBB, BAA^B+ 
OI6KJ1S62, 6 31*. fteOrtoMMBe 

50 [0058] C^itcfet^r . OOftHifi 
i2i:4jW^^B5 3, 5 60JSJ5 (@iRy- 
**B> d 3(*. fi5 0 0nmt?*>9. ^SiOt^fct^ 
«BBB5 50BB (y^U-b^KWetiHF**) d4 
tt »3 0 0nmt?ab&. 

[0 05 9] B12K*f J:^«C, xW+S/t 
^BS(C*4. A6 0rtK. *aff*8B5 l^eaaw: 

m*o *fc. BMttf^ B+©W»B6 3|*itcd 
*ft*T4*ll(«At*As. Pfrif) 5:*«fttt64^ 
40 te£*<?tf, att^Hmme 4<DflMtttt: > ytecDWtt® 

[0060] XK, 013^^*9^ B*ttx^^ 

J )Kx-^>^'T^ ^S&BBli, ^J*lS3tc 

i?aT^^«rti6 4 ^st^j: ^ (c. %mwwcm& 
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